Plasma iron tolerance curves of ferrous glycine sulphate (FGS) tablets containing 60 and 120 mg of elemental iron were compared with similar doses of ferrous sulphate (FS) tablets using a double-blind crossover design in six women volunteers. The plasma iron tolerance curves obtained with both doses of FGS were similar to those of doses of FS. The relative bioavailability of FGS was close to 1, identical to that of FS. Thus tablets containing ferrous glycine sulphate as the source of elemental iron for the prophylaxis of iron deficiency do not offer any advantage over the less expensive and more available ferrous sulphate.
Introduction
The major cause of anaemia in India is a deficiency of iron. The frequency of anaemia is relatively high among women of reproductive age and preschool children [1] , and various corrective measures have been undertaken to combat iron deficiency in these two groups [2] . Despite the existence of a national anaemia prophylaxis programme over the last 20 years, however, the prevalence of anaemia continues to be high.
Besides other logistic and administrative problems, it has been suggested that the amount of elemental iron present in 60-mg ferrous sulphate (FS) tablets may not be adequate to control and prevent anaemia of the magnitude that exists. Alternatively, the poor response could be due to the low availability of iron in tablet form.
On the basis of results of in vitro studies, it has been suggested that ferrous glycine sulphate (FGS) might be a better source of iron in supplementation programmes. FGS is an organic form of elemental iron that is supposed to have better availability and increased tolerance. A recent study on the in vitro bioavailability of iron from salt fortified with FGS observed that about 80% of its iron is present in ionizable form [3] . A study was therefore carried out in women volunteers to assess the relative bioavailability of FGS and FS in vivo.
Materials and methods
Pharmaceutical preparations of FGS were obtained from Medcell Labs, Madras, and of FS from Indian Drugs and Pharmaceuticals Ltd., Hyderabad. They contained 60 mg of elemental iron and 500 µg of folic acid.
Subjects
Twelve women volunteers (18-30 years old), four of whom were pregnant, were recruited for the bioavailability studies. They were alternately administered 60 and 120 mg of elemental iron on an empty stomach using a double-blind crossover design. To determine plasma iron tolerance, fasting blood samples were collected from all the subjects before each dose, and samples were collected at 2, 3, 4, and 6 hours after the dose. The subjects were allowed to have food only after the last sample was drawn. The second preparation was given after an interval of four days. 
Analysis
Haemoglobin concentration was estimated by the cyanmeth method [4] and plasma iron by the bathophenanthroline method [5] . The area under the plasma iron tolerance curve was calculated according to the method described by Gibaldi and Perrier [6] . Data were analysed after decoding, and statistical tests were applied to test the differences, if any, between the preparations. Table 1 shows the individual details of subjects, basal serum iron, and kinetic data and their mean values.
Results

FIG 1. Mean increase in serum iron after 60 and 120 mg doses of FS and FGS
Wide variations were seen in peak values and the area under the curve. However, both groups had comparable haemoglobin concentrations and basal plasma iron levels.
Identical plasma iron tolerance curves were obtained with both 60-and 120-mg doses of FS and FGS ( fig.  1 ). Peak iron levels occurred between the third and fourth hours after administration and decreased slowly thereafter. No correlation was seen between either the basal plasma iron concentration or the haemoglobin and peak plasma iron levels. The mean peak plasma iron levels were 325 and 262 µg/dl for 60 mg of FS and FGS respectively, and 440 and 392 µg/dl for 120 ma. These differences were not statistically significant. Whereas there was wide individual variation in iron absorption from both preparations, plasma iron tolerance was essentially the same. The mean ratios of plasma tolerance of iron from FGS to that from FS for 60 mg and 120 mg were 0.96 and 0.98 respectively. Regardless of doses, pregnant women did not have any difference in plasma iron tolerance, area under the curve, and peak concentration compared with non-pregnant women.
Discussion
Because of its organic nature, it has been assumed that FGS is better tolerated than FS. In addition, its stability at acidic pH is good [7] . The in vitro bioavailability of common salt fortified with FGS was very high, and almost 80% of the elemental iron was in ionizable form [3] . Nevertheless, the in vivo bioavailability of the FS tablet was found to be identical. Similar results were observed in a comparison of the absorbability of different iron compounds including FGS using radioactive iron, a more exact method [8] .
The higher bioavailability reported with FGS was based on an in vitro test applied in pure systems. However, in vivo, many factors, including stomach pH, the presence of food, gastric mobility, and mucosal integrity, influence the absorption of iron from the gastrointestinal tract. The in vitro study carried out earlier did not take these factors into consideration.
Thus, in view of similar bioavailability of iron in the two forms and the higher cost of FGS, it is not the preparation of choice for large-scale public health programmes aimed at preventing iron deficiency anaemia.
